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Foreword 
The combustion of fossil fuels f o r  the  production of energy has already 
resulted in significant modifications of the  ear th ' s  environment, primarily through 
the emissions of carbon dioxide, sulfur dioxide, nitrogen oxides, and particulates. 
The modern world primary energy consumption pat terns  and i t s  t rends lead to 
the  utilization of d i r t i e r  and m o r e  expensive fossil fuels. The des i re  to protect  the  
environment i s  contradictory to such s t ructural  changes in  energy like the 
broader  use of coal as substitution for liquid fuels, taking into account the deple- 
tion of coal deposits with l o w  sulfur contents. 
Previous studies ca r r i ed  out a t  IIASA, in the FRG, the US, t he  USSR and o ther  
countries,  formulate one long-term technological s t ra tegy that  might limit pollu- 
tant emissions sufficiently to permit an  efficient and ecologically sustainable 
development of the  world's energy consumption patterns.  This technological stra- 
tegy i s  based on the  implementation of the so-called Integrated Energy Systems 
(IES) or Integrated Energy-Chemical Systems (IECS). The basic idea of IES incor- 
porates  the  decomposition and purification of primary fossil energy inputs before 
combustion, the integration of these decomposed (clean) products and the  alloca- 
tion of them in line with the requirements for final energy. Thus, Integrated Ener- 
gy Systems represen t  a concept for providing a flexible range of final energy 
forms from varying inputs of different primary energy sources.  Other potential 
advantages incl.ude improved performance of the  whole energy system, such as 
higher efficiencies and l o w e r  environmental impacts. 
The joint r e p o r t  of the  Kernforschungsanlage Julich (KFA), Julich, FRG and 
the Siberian Energy Institute (SEI), Irkutsk, USSR describes the concepts, metho- 
dological approaches,  and preliminary resul ts  of the  analysis of technological op- 
tions and technoeconomic propert ies  of the different types of integrated energy 
systems. The study of KFA and SEI, based on the cooperation with the International 
Institute for Applied Systems Analysis, emphasizes the  common viewpoint that  the  
idea of integrated energy systems constitutes an  essential basis for new studies on 
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5 .  C o n c l u s i o n s  
1. I n t r o d u c t i o n  - The Energy Problem 
During t h e  l a s t  decade ,  p o l i t i c a l  and s c i e n t i f i c  d i s c u s s i o n s  were dominated by 
t h e  energy problem. The o i l  p r i c e  shocks  i n  t h e  1970 's  had focussed p u b l i c  
a t t e n t i o n  t o  t h e  q u e s t i o n  whether t h e r e  was s t i l l  s u f f i c i e n t  energy i n  t h e  
world t o  s a t i s f y  a  growing demand. Many s c i e n t i s t s  have d e d i c a t e d  t h e i r  work 
t o  t h i s  q u e s t i o n  and many r e p o r t s  have been w r i t t e n .  A l l  t h e s e  s t u d i e s  came 
t o  t h e  same c o n c l u s i o n :  There i s  no q u a n t i t a t i v e  r e s t r i c t i o n  on energy i n  t h e  
world.  However, i t  is  d e b a t a b l e  how t o  u s e  t h i s  energy i n  a  r e s p o n s i b l e  manner, 
p a r t i c u l a r l y  w i t h  r e s p e c t  t o  n a t u r e .  
I n  t h e  long r u n ,  t h e r e  a r e  s u f f i c i e n t  hydrocarbon r e s o u r c e s  on e a r t h  t o  s u s t a i n  
supply .  T h e i r  q u a l i t y ,  however, w i l l  be d e c r e a s i n g  and i t  w i l l  be i n c r e a s i n g l y  
d i f f i c u l t  and c o s t l y  t o  make them a c c e s s i b l e  and t o  u t i l i z e  them. A s  an example, 
t h e  c rude  o i l  l i f t i n g s  w i l l  become h e a v i e r  i n  the  long run  (Orinoco type  of 
c r u d e s ,  t a r  s a n d s )  w i t h ,  a t  t h e  same t ime ,  i n c r e a s i n g  c o n c e n t r a t i o n s  of h e t e r o  
a toms,  l i k e  s u l p h u r ,  n i t r o g e n  o r  heavy meta l  compounds. S t r u c t u r a l  changes ,  
l i k e  a  b roader  u t i l i z a t i o n  of steam c o a l  s u b s t i t u t i n g  f o r  g a s  and l i q u i d  
p r o d u c t s ,  w i l l  c r e a t e  a d d i t i o n 2 1  env i ronmenta l  problems. T h i s  concerns  h a n d l i n g  
a s  w e l l  a s  c o n v e r t i n g  " d i r t y  energy". 
On t h e  o t h e r  hand ,  n a t u r e  does  n o t  p rov ide  a n  un l imi ted  r e s e r v o i r  f o r  t h e  
d e p o s i t i o n  of wastes .  T h e r e f o r e ,  t h e  energy problem h a s  t o  be r e s t a t e d  under 
a  d i f f e r e n t  v iewpoin t .  The open q u e s t i o n  now i s  r a t h e r  how t o  use  "energy i n  a  
f i n i t e  environment",  t h a n  how t o  u s e  i t  with  f i n i t e  r e s o u r c e s .  
The r e s e a r c h  o b j e c t i v e  i s  t o  develop new t e c h n o l o g i c a l  c o n c e p t s  f o r  a  c l e a n e r  
energy  f u t u r e .  H i s t o r i c a l l y  abatement measures have been a  f i r s t  s t e p  i n  t h e  
e v o l u t i o n  of a n  e f f e c t i v e  energy  waste  management. I n c r e a s i n g  r e s t r i c t i o n s  on 
e m i s s i o n s  w i l l ,  however, sooner  o r  l a t e r  l ead  t o  a  p o i n t  where t h e  c o s t  of 
abatement  measure w i l l  s t a r t  i n c r e a s i n g  e x p o n e n t i a l l y .  F i g u r e  1  demons t ra tes  
this e f f e c t  f o r  a  f l u e  g a s  d e s u l p h u r i z a t i o n  (FGD)  u n i t  o f  a  c o a l  f i r e d  power 
p l a n t .  (The c o s t  o f  s t a c k  gas  c l e a n i n g  i s  p l o t t e d  a s  a  f u n c t i o n  of  SO removal)  . 2 
The need f o r  a 1  t e r n a  t i v  , economica l ly  mor v i a b l e  o p t i o n s  i s  a p p a r e n t .  
The s o l u t i o n  of complex t e c h n o l o g i c a l  problems ve ry  o f t e n  r e q u i r e s  v i s i o n s  of  
t e c h n i c a l  o p t i o n s  never  c o n s i d e r e d  b e f o r e .  In  t h e  c o n t e x t  of a  c l e a n  energy 
supp ly ,  such a  v i s i o n  was fo rmula ted  by Wolf Hafe le  i n  t h e  e a r l y  1980 's  which 
he termed t h e  concept  of a  "Novel - - H o r i z o n t a l  - I n t e g r a t e d  - Energy - System (NHIES). 
F igure  2 d r a f t s  t h e  i d e a  of NHIES, comparing i t  w i t h  t h e  c l a s s i c a l  energy 
systems.  
Analyzing t h e  s t r u c t u r e  of t h e  p r e s e n t  energy s u p p l y ,  i t  i s  a p p a r e n t  t h a t  t h e r e  
i s  h o r i z o n t a l  c o m p e t i t i o n  between t h e  t r a d i t i o n a l  ene rgy  s e c t o r s  ( c o a l ,  g a s ,  
o i l ,  n u c l e a r ) .  However, v e r t i c a l l y ,  on t h e  way from t h e  pr imary r e s o u r c e  down 
t o  f i n a l  consumption,  t h e r e  i s  v i r t u a l l y  no in te rdependence  between energy  
s e c t o r s .  Every energy  s e c t o r  i s  equipped w i t h  i t s  own s u p p l y ,  p r o c e s s i n g ,  
d i s t r i b u t i o n ,  - and waste management. 
The b a s i c  i d e a  of novel  ene rgy  sys tems now i n c o r p o r a t e s  t h e  i n t e g r a t i o n  of t h e  
t r a d i t i o n a l  v e r t i c a l  s t r u c t u r e s .  This  i n t e g r a t i o n  can be r e a l i z e d  a t  d i f f e r e n t  
l e v e l s .  The h i g h e s t  degree  of  i n t e g r a t i o n  would be reached when a l l  energy 
c a r r i e r s  a r e  decomposed i n t o  t h e i r  e l ementa ry  components. The consumer i s  
s u p p l i e d  w i t h  j u s t  t h o s e  e lements  he r e q u i r e s .  Unwanted components,  l i k e  
h e t e r o  compounds, a r e  removed a t  convers ion  l e v e l .  
I n t e g r a t e d  sys tems l i n k  t h e  o p t i o n a l  energy r e s o u r c e s  a l r e a d y  a t  a  v e r y  e a r l y  
s t a g e  of p r o c e s s i n g .  Supply d i s r u p t i o n s  i n  one pr imary r e s o u r c e  can then  be 
e a s i l y  compensated by s imply s w i t c h i n g  t o  o t h e r  r e s o u r c e s .  The i n f r a s t r u c t u r e  
would no t  be a f f e c t e d  and t h e  consumer would n o t  even n o t i c e .  The r i s k  o f  
supp ly  is  l e v e l l e d  down by a  h i g h l y  r e s i l i a n t  system. 
L a s t ,  bu t  no t  l e a s t ,  t h e  i n t e g r a t e d  system prov ides  t h e  p o s s i b i l i t y  of a  h i g h l y  
e f f e c t i v e  u t i l i z a t i o n  of r e s o u r c e s .  
2. Research Object ives  and Premises 
Both  t h e  J u l i c h  Nuc lea r  R e s e a r c h  C e n t e r  (KFA) and t h e  S i b e r i a n  Energy  I n s t i t u t e  
( S E I )  have i n i t i a t e d  r e s e a r c h  on  t h e  o p p o r t u n i t i e s  of  n o v e l  i n t e g r a t e d  e n e r g y  
s y s t e m s  and t h e i r  c o m p e t i t i v e n e s s  a g a i n s t  c o n v e n t i o n a l  e n e r g y  sys t ems .  P r imary  
r e s e a r c h  o b j e c t i v e  i s  t o  i d e n t i f y  c o m b i n a t i o n s  of new t e c h n o l o g i c a l  o p t i o n s  
which c a n  c o n t r i b u t e  t o  a n  e n v i r o n m e n t a l l y  c l e a n  and h i g h l y  e f f i c i e n t  e n e r g y  
s u p p l y .  Most of  t h e s e  o p t i o n s  a r e  n o t  economic y e t .  T h e i r  c o m p e t i t i v e  p o s i t i o n  
may, however ,  improve w i t h  i n c r e a s i n g  e n v i r o n m e n t a l  r e s t r i c t i o n s .  
It i s  c l e a r  t h a t  i n  two c o u n t r i e s  as d i f f e r e n t  a s  t h e  USSR and t h e  F e d e r a l  
R e p u b l i c  of  Germany t h e  p r e m i s e s  of r e s e a r c h  on  i n t e g r a t e d  e n e r g y  s y s t e m s  a r e  
q u i t e  d i f f e r e n t  as w e l l .  The USSR d i f f e r s  from t h e  FRG i n  t e r r i t o r y ,  p o p u l a t i o n  
d e n s i t y ,  e n e r g y  consumpt ion ,  e n v i r o n m e n t a l  c o n d i t i o n s  a s  w e l l  a s  i n  t h e  a v a i l -  
a b i l i t y  of n a t i o n a l  e n e r g y  r e s o u r c e s  and t h e i r  r e g i o n a l  d i s t r i b u t i o n .  
The a n a l y s i s  of  i n t e g r a t e d  e n e r g y  s y s t e m s  i n  t h e  USSR i s  t h e r e f o r e  v e r y  c l o s e l y  
r e l a t e d  t o  t h e  development  of  r e g i o n a l  e n e r g y  s u p p l y  c o n c e p t s .  T h i s  i s  pa r -  
t i c u l a r l y  v a l i d  when t h e  u t i l i z a t i o n  of low-grade b u t  r a t h e r  cheap  e n e r g y  
r e s o u r c e s  ( l i k e  t h e  Kansk-Achinsk c o a l s )  i s  c o n s i d e r e d  i n  h i g h l y  i n d u s t r i a l i z e d  
a r e a s .  A s  d i s t r i c t  h e a t i n g  h a s  a  s h a r e  of more t h a n  50 % i n  t h e  p r e s e n t  USSR 
e n e r g y  s u p p l y ,  combined power and h e a t  p r o d u c t i o n  w i l l  c o n s t i t u t e  a n  i m p o r t a n t  
e l e m e n t  of  p o t e n t i a l  i n t e g r a t e d  e n e r g y  sys t em c o n c e p t s .  The g e o g r a p h i c a l  d i s t r i -  
b u t i o n  of  i n d i g e n o u s  e n e r g y  r e s o u r c e s  i n  t h e  USSR a d d s  t h e  " t r a n s p o r t a b i l i t y "  
o f  e n e r g y  c a r r i e r s  as a n o t h e r  r e l e v a n t  c r i t e r i o n  i n  s e l e c t i n g  t h e  r i g h t  con- 
f i g u r a t i o n s  of i n t e g r a t e d  e n e r g y  sys t ems .  
The r e s e a r c h  i n  t h e  J u l i c h  Nuc lea r  Resea rch  C e n t e r  i s  more d i r e c t e d  towards  t h e  
s t u d y  of  t h e  o p p o r t u n i t i e s  of  a h i g h l y  i n t e g r a t e d  e n e r g y  s y s t e m  (NHIES) a s  a n  
a l t e r n a t i v e  o r  complement t o  t h e  t r a d i t i o n a l  e n e r g y  s u p p l y  i n  t h e  FRG. An 
optimum s y s t e m  c o n f i g u r a t i o n  h a s  t o  be  s e l e c t e d  among a l l  t e c h n i c a l  o p t i o n s  
t h a t  p r o v i d e s  c l e a n  e n e r g y  a t  a  h i g h  d e g r e e  of r e s i l i e n c e  a g a i n s t  s u p p l y  
d i s r u p t i o n s  and g u a r a n t e e s  a n  e f f e c t i v e  usage  of r e s o u r c e s .  A t  t h e  same t i m e ,  
t h e  c o m p e t i t i v e n e s s  of  s u c h  a  s y s t e m  h a s  t o  be judged by measu r ing  and q u a n t i -  
f y i n g  t h e  r e a c t i o n s  of t h e  e x i s t i n g  e n e r g y  sys tem on s t r o n g e r  e n v i r o n m e n t a l  
r e s t r i c t i o n s .  
I n  t h e  f o l l o w i n g  s e c t i o n s ,  t h e  a n a l y s e s  of  i n t e g r a t e d  e n e r g y  s y s t e m s  c a r r i e d  
o u t  a t  KFA and SEI  a r e  d e s c r i b e d  i n  more d e t a i l .  It i s  e v i d e n t  t h a t  d i f f e r e n t  
r e s e a r c h  p r e m i s e s ,  a s  o u t l i n e d  a b o v e ,  imply  d i f f e r e n t  m e t h o d o l o g i c a l  a p p r o a c h e s .  
T h e r e  i s ,  however ,  t h e  common r e s e a r c h  o b j e c t i v e  t o  i n v e s t i g a t e  n o v e l  techno-  
l o g i c a l  o p t i o n s  and t o  p r o v i d e  a  s c i e n t i f i c  b a s i s  o f  c o n c e p t u a l l y  d e s c r i b i n g ,  
a n a l y z i n g  and  f i n a l l y  u n d e r s t a n d i n g  "ene rgy  i n  a  f i n i t e  env i ronmen t " .  
3. The KFA-Research on Integrated Energy Systems 
3.1 Concepts and Methodological Approach 
Research o b j e c t i v e  a t  KFA has  been t o  i n v e s t i g a t e  t h e  o p p o r t u n i t i e s  of a  
h i g h l y  i n t e g r a t e d  energy system (NHIES) i n  c o m p e t i t i o n  w i t h  t h e  t r a d i t i o n a l  
v e r t i c a l  s t r u c t u r e s  of t h e  e x i s t i n g  energy supply .  The n o v e l  system i s  
r e a l i z e d  by decomposing energy c a r r i e r s  i n t o  t h e i r  e l ementa ry  components i n  
a  s e t  of s o  c a l l e d  NHIES-technologies. Bas ic  NHIES t e c h n o l o g i e s  a r e  n u c l e a r  
g a s i f i c a t i o n  producing s y n t h e s i s  g a s  from c o a l ,  ( n a t u r a l )  g a s  s e p a r a t i o n ,  a  
mol ten  i r o n  p r o c e s s  f o r  c o a l  g a s i f i c a t i o n ,  e l e c t r o l y s i s ,  CO-turbines and a  
methanol p l a n t .  The s e l e c t e d  s e t  of t e c h n o l o g i e s  produces  methanol ,  e l e c t r i -  
c i t y  and g a s  by c o n v e r t i n g  t h e  whole spectrum of primary energy  c a r r i e r s .  
The economics of t h e  NHIES a r e  determined i n  c o m p e t i t i o n  w i t h  t h e  e x i s t i n g  
energy  supp ly  sys tem t o  which c o n v e n t i o n a l  abatement  measures a r e  added t o  
reduce  p o l l u t i o n .  
The primary t a s k  now c o n s i s t s  i n  q u a n t i f y i n g  t h e  c o m p e t i t i v e  p o s i t i o n  of 
t h e  NHIES-concept compared wi th  t h e  conven t iona l  energy sys tem when env i ron-  
menta l  c o n s t r a i n t s  a r e  pa ramet r i zed  towards "ze ro  emiss ion  s t andards"  - 
i . e .  ve ry  r e s t r i c t i v e  e m i s s i o n  c o n s t r a i n t s .  
I n  p r a c t i c e ,  t h i s  means t o  c o n s i s t e n t l y  compare a  g r e a t  number of techno- 
l o g i e s ,  c o n s i d e r i n g  t h e i r  t e c h n o l o g i c a l  parameters  a s  w e l l  a s  t h e i r  econo- 
mics. L i n e a r  programming ( L P )  i s  a  w e l l  e s t a b l i s h e d  ins t rument  f o r  doing 
t h i s  on an o p e r a t i o n a l  b a s i s .  The t h e o r y  of LP i s  s o  w e l l  known, t h a t  t h e r e  
i s  no need f o r  f u r t h e r  t h e o r e t i c a l  d e t a i l  i n  t h i s  a r t i c l e .  An LP-model 
c a l l e d  MARNES was developed which i s  so lved  by minimizing t h e  t o t a l  sys tem 
c o s t  of energy supp ly  and consumption. 
3.2 The LP-Model HARNES 
The MARNES model c o n s i s t s  of a  NHIES module and a  module r e p r e s e n t i n g  t h e  
c o n v e n t i o n a l  ene rgy  system. NHLES i s  a  combinat ion of a b o u t  70 t echno lo -  
g i e s .  The c o n v e n t i o n a l  p a r t  i s  d e s c r i b e d  by 
a  r e f i n e r y  s e c t o r :  
a  g a s  s e c t o r :  
a  c o a l  s e c t o r :  
a n  e l e c t r i c i t y  s e c t o r :  power s t a t i o n s  based on n u c l e a r ,  c o a l ,  o i l ,  g a s ;  
e l e c t r i c i t y  t r a n s p o r t a t i o n  and d i s t r i b u t i o n  g r i d ,  
e l e c t r i c i t y  consumers ( d o m e s t i c ,  i n d u s t r i a l ,  
t r a i n ,  t r a f f i c )  + abatement  measures 
average  german r e f i n e r y  p l u s  p roduc t  desu lphur i -  
s a t i o n ,  o i l  product  consumers ( d o m e s t i c ,  indus-  
t r i a l ,  t r a f f i c )  + abatement  measures 
t r a n s p o r t a t i o n  and d i s t r i b u t i o n  g r i d  + s t o r a g e  
e f f e c t s ,  g a s  consumers ( d o m e s t i c ,  i n d u s t r i a l )  
+ abatement measures 
d i s t r i b u t i o n  and c o a l  consumers ( i n d u s t r i a l ,  
domes t i c )  + abatement measures 
About 150 t e c h n o l o g i e s  a r e  modelled t o  d e f i n e  t h e s e  s e c t o r s .  I n  LP-terms, 
eve ry  t echno logy  can he d e s c r i b e d  a s  a  b l a c k  box which i s  
c h a r a c t e r i z e d  by t h e  f o l l o w i n g  pa ramete r s  
i n p u t  s t r e a m s :  
Output s t r e a m s :  
c o s t  pa ramete r s :  
ene rgy  a n d / o r  mass s t r e a m s  
energy a n d / o r  mass s t r e a m s  
c a p i t a l  c o s t  + f i x e d  c h a r g e s  
( i n s u r a n c e ,  t a x ,  e t c . )  
v a r i a b l e  c o s t  ( o p e r a t i o n a l  c o s t )  
The t e c h n o l o g i e s  - o r  boxes - a r e  l i n k e d  v i a  mass o r  energy s t reams.  The 
r e s u l t  i s  a n  energy and mass f low model, s t a r t i n g  w i t h  t h e  primary r e s o u r -  
c e s  ( c o a l ,  o i l ,  g a s  e t c . )  and ending w i t h  t h e  f i n a l  consumption of u s e f u l  
ene rgy  (km d r i v e n  i n  a  c a r ,  space  h e a t  f o r  h o u s e s ,  e t c . ) .  F i g u r e  3 i l l u s -  
t r a t e s  t h e  p r i n c i p a l  s e t  up of t h e  model. Every s t e p  from t h e  primary 
r e s o u r c e  t o  t h e  end-user  ( c o n v e r s i o n ,  d i s t r i b u t i o n ,  consumpt ion)  is  charac -  
t e r i z e d  by i t s  s p e c i f i c  c o s t  - and o f t e n  a l s o  by s ide - s t reams  t o  t h e  envi-  
ronment ( e m i s s i o n s ,  d e p o s i t i o n s ) .  Al l  c o s t s  a r e  accounted f o r  i n  t h e  ob jec -  
t i v e  f u n c t i o n  of t h e  model and a r e  minimized t o  f i n d  a n  optimum system con- 
f i g u r a t i o n .  The s ide - s t reams  ( l i k e  SO2, NOx o r  C02 e m i s s i o n s )  a r e  con- 
t r o l l e d  i n  b a l a n c e  i n e q u a l i t i e s  w i t h  exogenously  g i v e n  upper l i m i t s .  I n  
o r d e r  t o  meet t h e s e  l i m i t s ,  t h e  model can  choose between abatement measures  
i n  t h e  c o n v e n t i o n a l  sys tem o r  t h e  c o n s t r u c t i o n  of  NHIES-technologies* 
I n  t h e  LP-model energy c o n v e r s i o n  and consumption a r e  t r i g g e r e d  by a n  exoge- 
nous ly  g iven  demand s c e n a r i o  which is  c a l c u l a t e d  by a  s i m u l a t i o n  model from 
exogenous pa ramete r s  l i k e  GNP-growth r a t e ,  energy p r i c e s ,  s p e c i f i c  energy 
consumption e t c .  The dynamic LP-model i s  segmented i n t o  8  p e r i o d s  g i v i n g  
r i s e  t o  a  t ime h o r i z o n  of 50 y e a r s .  
3.3 Preliminary Results 
The model l ing a c t i v i t i e s  a r e  now i n  t h e  f i n a l  s t a g e .  They a r e  documented i n  
p r e l i m i n a r y  r e p o r t s  11-51. A s e t  of computer r u n s  h a s  been c a r r i e d  o u t  w i t h  
t h e  model. 
Some r e s u l t s  of computat ions  a r e  d i s c u s s e d  below i n  o r d e r  t o  i l l u s t r a t e  t h e  
model s t r u c t u r e .  
I n  t h e  fo l lowing  we w i l l  d i s c u s s  a  s c e n a r i o  ( a s  shown i n  Tgljl6 1 )  ~ i t h  
moderate pa ramete r s  and demand assumpt ions  over t ime.  The t ime h o r i z o n  f o r  
t h e  o p t i m i z a t i o n  i s  t h e  p e r i o d  from 1980 t o  2030. 
I n  a d d i t i o n  t o  t h e  s c e n a r i o  assumpt ions ,  bounds were s e t  on t h e  mining of  
ha rd  c o a l  ( lower  bound) and l i g n i t e  (upper  and lower  bound) t o  r e f l e c t  t h e  
s t a t u s  of n a t i o n a l  c o a l  c o n t r a c t s  and governmental  p o l i c y .  P a r a l l e l  t o  t h e  
bounds on pr imary energy ,  a d d i t i o n a l  c o n s t r a i n t s  were s e t  on u s e f u l  energy 
consumption t o  s i m u l a t e  t h e  i n f l u e n c e  of o t h e r  pa ramete r s  a p a r t  from c o s t s  
on t h e  behaviour  of t h e  end-users.  For example,  a l t h o u g h  c o a l  i s  
r e l a t i v l y  cheap f o r  space  h e a t i n g ,  most people  avo id  c o a l - h e a t i n g  because  
of i t s  uncomfor table  hand l ing .  
Impor tan t  c o n s t r a i n t s  i n  t h e  model a r e  t h e  l i m i t s  on SO2- and NOx-emissions 
g i v e n  a s  upper bounds. I n  t h e  computat ions  t h e  dynamics of t h e s e  bounds 
were v a r i e d  wide ly  i n  o r d e r  t o  g i v e  r i s e  t o  d i f f e r e n t  "cases",  f o r  example 
a  r a p i d  o r  a  slow d e c r e a s e  of SO2 o v e r  t ime.  
From t h e  a v a i b a b l e  s e t  of c a s e s ,  one c a s e  ( c a s e  5 )  i s  ana lysed  i n  t h i s  
a r t i c l e  comparing i t  w i t h  a  base  c a s e .  

- The b a s e  c a s e  i n c l u d e s  t h e  c u r r e n t  e m i s s i o n  s t a n d a r d s  f o r  l a r g e  v e s s e l s  
i n  u t i l i t i e s  and i n d u s t r i e s  GFAVO (= ~ r o ~ f e u e r u n ~ s a n l a ~ e n v e r ~ d n u n g )  a s  
- - - - 
w e l l  a s  l e g a l  r e g u l a t i o n s  f o r  NOx-reduction i n  t h e  t r a n s p o r t a t i o n  s e c t o r  
(e .g .  c a t a l y s t  c a r s ) .  
The r e s u l t s  of  t h e  b a s e  c a s e  a r e  r e p r e s e n t e d  a s  d o t t e d  l i n e s  i n  t h e  
f i g u r e s .  
- I n  c a s e  5 ,  r e s t r i c t i v e  bounds were s e t  on t h e  SO2- and  NOx-emis- 
s i o n s ,  s u p p l e m e n t i n g  t h e  c o n s t r a i n t s  of t h e  b a s e  c a s e  i n  o r d e r  t o  
i n i t i a l i z e  NHIES. 
F i g u r e  4 shows t h e  r e q u i r e d  e m i s s i o n s  f o r  NO ( u p p e r  g r a p h )  and  SO2 ( l o w e r  
X 
g r a p h )  a s  a f u n c t i o n  of  t ime.  
I n  o r d e r  t o  meet t h e s e  e m i s s i o n  s t a n d a r d s ,  t h e  n o d e l  f i r s t  r e d u c e s  e m i s -  
s i o n s  i n  t h e  s e c t o r  c o n v e r s i o n  + i n d u s t r y  u s i n g  c o n v e n t i o n a l  d e n o x a t i o n  and  
d e s u l p h u r i z a t i o n ,  which a r e  t h e  c h e a p e s t  o p t i o n s  f o r  a n  a d d i t i o n a l  reduc-  
t i o n  of NOx- and SO2-emissions.  When s t a c k  g a s e s  a r e  t o t a l l y  c l e a n ,  s t r u c -  
t u r a l  changes  i n  t h e  r e s i d e n c e  + t r a n s p o r t a t i o n  s e c t o r  o c c u r  t o  a c h i e v e  a  
f u r t h e r  r e d u c t i o n  o f  e m i s s i o n s .  T h i s  t a k e s  p l a c e  i n  the p e r i o d  a f t e r  
the y e a r  2000 by  i n c r e a s i n g  me thano l  a n d  e l e c t r i c i t y  consumpt ion  i n  o r d e r  
t o  meet e m i s s i o n  s t a n d a r d s .  T h i s  y i e l d s  a  s h a r p  i n c r e a s e  i n  the NHIES-acti- 
v i t y  a f t e r  2000,  when h a r d  c o a l ,  n a t u r a l  g a s  and  n u c l e a r  e n e r g y  are 
u s e d  t o  p r o d u c e  s y n t h e s i s  g a s  ( F i g u r e  5 ) .  
The c o n t r i b u t i o n  of  NHIES t o  t h e  f i n a l  e n e r g y  demand i s  shown i n  more 
d e t a i l  i n  F i g u r e  6. The maximum me thano l  p r o d u c t i o n  c o v e r s  a p o r t i o n  of  
c a .  30 X of  t o t a l  f i n a l  e n e r g y .  l - ie thanol  is  used  f o r  h e a t i n g  and f o r  
t r a n s p o r t a t i o n .  I n  a d d i t i o n  t o  m e t h a n o l ,  SNG ( s y n t h e t i c  n a t u r a l  g a s )  i s  
produced  i n  NHIES. The SNG i s  i n j e c t e d  i n t o  t h e  n a t i o n a l  n a t u r a l  g a s  
t r a n s p o r t a t i o n  g r i d .  Some of  t h e  p r imary  ene rgy  i n  NHIES i s  a l s o  c o n v e r t e d  
t o  peak  l o a d  (CO- tu rb ine )  and  b a s e  l o a d  (HTR c o g e n e r a t i o n )  e l e c t r i c i t y .  
The s u b s t i t u t i o n  o f  f i n a l  e n e r g y  c a r r i e r s  f o r  t r a n s p o r t a t i o n  and  h e a t i n g  i s  
i l l u s t r a t e d  i n  F i g u r e s  7 and 8 .  The d o t t e d  l i n e s  r e p r e s e n t  t h e  b a s e  c a s e .  
Due t o  s t r o n g  NO r e s t r i c t i o n s ,  methanol  s u b s t i t u t e s  f o r  g a s o l i n e  and d i e s e l .  
X 
I n  2030 methanol c o v e r s  n e a r l y  100 X of t r a f f i c  f u e l  implying a  r e d u c t i o n  of  
NO - emiss ion  by a  f a c t o r  of 10  i n  t h e  t r a n s p o r t a t i o n  s e c t o r  compared t o  1980. 
X 
Gas o i l  f o r  space  h e a t i n g  i s  a d d i t i o n a l l y  s u b s t i t u t e d  by methanol ,  which l a t e r  
on  i s  r e p l a c e d  a g a i n  by e l e c t r i c i t y .  The p r o d u c t i o n  of e l e c t r i c i t y  t h e r e f o r e  
s t r o n g l y  i n c r e a s e s  i n  t h e  l a s t  decade.  
The s t r u c t u r a l  change i n  primary e n e r g y ,  a s  a  r e s u l t  of t h e  s u b s t i t u t i o n  
p r o c e s s  d i s c u s s e d  above,  i s  shown i n  F igure  9. I n  t h e  b a s e  c a s e  a s  w e l l  a s  i n  
c a s e  5 t h e  s h a r e  of n u c l e a r  energy i n c r e a s e s ,  s u b s t i t u t i n g  p a r t s  of t h e  hard  
c o a l .  I n  c a s e  5 o i l  n e a r l y  d i s a p p e a r s .  Its s h a r e  i s  covered by n u c l e a r  ene rgy  
and n a t u r a l  g a s  (which i s  a l s o  i n p u t  t o  NHES). 
F igure  10 shows t h e  a n n u a l  t o t a l  sys tem c o s t  on  a  1980 p r i c e  b a s i s .  These c o s t s  
a r e  composed of o p e r a t i n g  expenses  and inves tments .  Whereas t h e  o p e r a t i n g  
expenses  s t a y  r e l a t i v e l y  c o n s t a n t  i n  a l l  computed c a s e s ,  t h e  annua l  i n v e s t m e n t s  
i n c r e a s e  w i t h  30 X i n  c a s e  5 compared t o  t h e  c a s e  w i t h  no  e m i s s i o n  
r e s t r i c t i o n s .  A d d i t i o n a l  c o s t  f o r  t h e  r e d u c t i o n  of emiss ions  c o v e r  a  s h a r e  o f  
on ly  10  X of t h e  t o t a l  system c o s t  o f  appr .  270 b i l l i o n  D M / ~  i n  t h e  y e a r  2030. 
4. The SEI-Research o n  I n t e g r a t e d  Energy Systems 
4.1 Concepts  and Methodo log ica l  Approach 
S E I ' s  approach i n  t h e  a n a l y s i s  of i n t e g r a t e d  energy  sys tems i s  determined by 
t h e  p a r t i c u l a r i t i e s  of t h e  USSR energy development a s  d e s c r i b e d  i n  Chapter  2. 
Basic  c o n s i d e r a t i o n s  a r e  : 
- Novel i n t e g r a t e d  energy sys tems  i n  t h e  USSR w i l l  be ,  a s  a  r u l e ,  l o c a l  
sys tems  w i t h  d i f f e r e n t  s t r u c t u r e s  i n  d i f f e r e n t  r e g i o n s  of t h e  c o u n t r y .  
The s t r u c t u r e s  w i l l  mainly  b e  determined by t h e  a v a i l a b i l i t y  of  pr imary 
energy  r e s o u r c e s  i n  t h e  r e s p e c t i v e  a r e a s .  I n  t h e  Kansk-Achinsk r e g i o n ,  
f o r  example,  ma jo r  o b j e c t i v e  i n  t h e  development of  a n  energy sys tem w i l l  
be  t h e  e f f e c t i v e  u t i l i z a t i o n  o f  t h e  a v a i l a b l e  c o a l .  
- Novel sys tems i n  t h e  USSR a r e  planned t o  b e  r e a l i z e d  s tage-by-s tage  
making use  of new, no t  f u l l y  developed t echno log ies .  Th i s  r e q u i r e s  t o  
f o c u s  s p e c i a l  a t t e n t i o n  o n  t h e  long-term f o r e c a s t i n g  of f u t u r e  techno- 
l o g i c a l  development (improvement and i n t r o d u c t i o n  of new t e c h n o l o g i e s ) .  
T h i s  i n c l u d e s  t h e  e v a l u a t i o n  of p o t e n t i a l  t e c h n i c a l  and economic para- 
me te r s  of new t e c h n o l o g i e s .  
- Energy t r a n s p o r t a t i o n  i s  of g r e a t  importance  i n  t h e  USSR. T h e r e f o r e ,  
e f f o r t s  shou ld  be  aimed a t  o b t a i n i n g  more " t r a n s p o r t a b l e "  energy  
c a r r i e r s  a t  h i g h e r  energy d e n s i t i e s .  
- A s  d i s t r i c t  a l r e a d y  h a s  a n  important  s h a r e  i n  t o d a y s  USSR energy  s u p p l y ,  
i n t e g r a t e d  energy sys tems  w i l l  c a n p r i s e  subsystems of d i s t r i c t  h e a t i n g ,  
i n c l u d i n g  c o g e n e r a t i o n .  
A g e n e r a l  schedu le  of  t h e  SEI  r e s e a r c h  o n  nove l  i n t e g r a t e d  energy sys tems i s  
o u t l i n e d  i n  Fig. 11.  T h i s  schedu le  h a s  been fol lowed i n  t h e  i n v e s t i g a t i o n  of  a n  
i n t e g r a t e :  system f o r  t h e  Kansk-Achinsk reg ion .  
The s t u d y  o f  t h e  long-term energy  c m p l e x  development ( b l o c k  1 )  de te rmines  
composi t ion und volumes of primary energy  r e s o u r c e s  a v a i l a b l e  t o  i n t e g r a t e d  
energy sys tems  i n  d i f f e r e n t  a r e a s  of t h e  c o u n t r y  and q u a n t i f i e s  t h e  demand f o r  
p roduc t s  as s y n f u e l ,  e l e c t r i c i t y  and h e a t .  
The t a s k  o f  f o r e c a s t i n g  t h e  development o f  new t e c h n o l o g i e s  ( b l o c k  2 )  gene- 
r a l l y  p recedes  d e t a i l  s t u d i e s  of i n t e g r a t e d  sys tems  a l though  a n  i t e r a t i v e  
ad jus tment  may b e  r e q u i r e d .  A t  t h i s  s t a g e ,  t h i s  a c t i v i t y  p l a y s  t h e  most 
dominant r o l e  i n  S E I ' s  r e s e a r c h .  Two t y p e s  of  models (MOPR and MOST) a r e  used 
f o r  t h i s  purpose.  
The r e s u l t s  o f  t h e  t echno logy  f o r e c a s t s  form t h e  b a s i s  f o r  t h e  p r e l i m i n a r y  
s e l e c t i o n  o f  t e c h n o l o g i e s  and the a n a l y s i s  o f  the potential v a r i a n t s  o f  e n e r g y  
t r a n s p o r t a t i o n  ( b l o c k  3 i n  Fig .  l1) t a k i n g  i n t o  accoun t  of  t h e  d a t a ,  o b t a i n e d  
from t h e  energy  complex a n a l y s i s  ( f rom b lock  1 ) .  I n  t h i s  way, a  wide s e t  of 
c a n d i d a t e  t e c h n o l o g i e s  i s  g e n e r a t e d  and p o t e n t i a l  means of  ene rgy  t r a n s -  
p o r t a t i o n  a r e  s e l e c t e d  f o r  t h e  s t u d y  of  i n t e g r a t e d  energy sys tems  i n  e a c h  a r e a .  
Then t h e  s t r u c t u r e  o f  t h e  i n t e g r a t e d  sys tem is o p t i n i z e d  i n  a s y s t e r s  model 
c a l l e d  MOST ( b l o c k  4 ) .  The MOST model i s  a  l i n e a r  o p t i m i z a t i o n  model s i m i l a r  
t o  t h e  MARNES model which minimizes  t h e  t o t a l  c o s t  ( i n v e s m e n t s  and opera- 
t i o n a l  expenses)  of t h e  i n t e g r a t e d  energy sys tems.  
Purpose and n a t u r e  of  t h e  r e s e a r c h  a c t i v i t i e s  r e p r e s e n t e d  i n  b locks  5 and 6 
of Fig.  11 a r e  e v i d e n t .  
Thus,  t h e  methodology f o r  s t u d i e s  o n  novel  i n t e g r a t e d  energy sys tems deve- 
loped i n  SEI ,  compr i ses  t h r e e  t y p e s  of mathemat ica l  models:  a  sys tems  model 
(MOST), t e c h n o l o g i c a l  u n i t  models (MOTUS) and physico-chemical  p r o c e s s  models 
(MOPR) . 
4.2 P r e l i m i n a r y  R e s u l t s  
The SEI  r e s e a r c h  o n  n o v e l  i n t e g r a t e d  energy sys tems i s  a t  t h i s  s t a g e  mainly  
concerned wi th  t h e  long-term f o r e c a s t i n g  of t e c h n o l o g i c a l  deve lopnen t  ( s e e  
b lock  2 ,  Fig.  11.). 
I n  o r d e r  t o  e s t a b l i s h  a  q u a n t i t i v e  b a s i s  f o r  t h e  s e l e c t i o n  of t e c h n o l o g i e s  
t h a t  c a n  p o t e n t i a l l y  b e  used i n  i n t e g r a t e d  energy sys tems ,  a physico-tech- 
deal c l a s s i f i c a t i o n  of  t e c h n o l o g i e s  i s  a d v i s a b l e .  One v a r i a n t  of s u c h  
c l a s s i f i c a t i o n ,  proposed by SEI  f o r  c o a l  p rocess ing  and c a n b u s t i o n ,  i s  g i v e n  
i n  Fig .  12.. 
A n e x t  s t a g e  i n  f o r e c a s t i n g  t e c h n o l o g i c a l  development now c o n s i s t s  i n  t h e  
e v a l u a t i o n  o f  t h e  t echno log ies '  maximum ( t h e o r e t i c a l )  ene rgy  i n d i c e s  ( s p e c i -  
f i c  f u e l  consumption h and e f f i c i e n c y  77). This  e s t i m a t e  i s  needed f o r  a  
p r e l i m i n a r y  compar ison o f  new t e c h n o l o g i e s ,  judging t h e  p o t e n t i a l  of t h e i r  
improvement. The e v a l u t a t i o n  i s  r e a l i s e d  by c a l c u l a t i n g  t h e  t h e r m a l  e f f e c t s  
o f  t h e  main chemical  r e a c t i o n s  a t  thermodynamic e q u i l i b r i u m .  Thermo-chemi- 
c a l  p r o c e s s e s  models (MOPR) have been developed f o r  t h i s  purpose.  
T e n t a t i v e  e s t i m a t e s  of  t h e  t h e o r e t i c a l l y  a c h i e v a b l e  t e c h n i c a l  pa ramete r s  of  
c o a l  p r o c e s s i n g  and energy  t r a n s p o r t a t i o n  a r e  sunmarized i n  Tab les  2  and 3 
r e s p e c t i v e l y .  The p o t e n t i a l  f o r  a  r e d u c t i o n  of  t h e  s p e c i f i c  f u e l  consunp- 
t i o n  and an i n c r e a s e  of  t h e  e f f i c i e n c y  q i n  c o a l  p rocess ing  (Table  2 )  a r e  
Table 2 
T e n t a t i v e  i n d i c e s  f o r  c o a l  p r o c e s s i n g  t e c h n o l o g i e s  
F i n a l  p r  oduc t T e c h n o l o g y  C u r r e n t  i n d i c e s  T h e o r e t i c a l l y  a c h i e v a b l e  
i n d i c e s  
Hyd r o g a s i f  i c a t i o n  65  - 7 8  1.28 81.4 - 1.19 
SNG H y d r o g a s i f  i c a t i o n  + NPH . . . . . . . . . . .  85.1 85.7 1.01 
G a s i f i c a t i o n  + s y n t h e s i s  55 - 6 8  1.47 68.0 75.4 1.38 
G a s i f i c a t i o n  + NPH + s y n t h e s i s  
-- 
71.6 77.1 1.01 
.... ....... . . .  . . -- . -. . - . 
H y d r o g e n a t i o n  64 - 72 1.39 91.8 - 1.09 
H y d r o g e n a t i o n  + NPH ........ 
............................. 
G a s i f i c a t i o n  + NPH + s y n t h e s i s  
G a s i f i c a t i o n  + s y n t h e s i s  3 5  - 42 2.38 69.6 76.9 1.35 
---- .....-. -- . . . . . . . .  --.- .............................................. .*-------- 
S  LF G a s i f i c a t i o n  + me t h a n 0 1  s y n  t h e -  
s i s  + .Mobil p r o c e s s  43 - 4 8  2.08 69.6 76.9 1.35 
G a s i f i c a t i o n  + NPH + m e t h a n o l  
- s y n t h e s i s - . f B U  pcocess . . .  - .. - ................ 12.3 .--8.Q. 2 L.QQ 
M e t h a n o l  G a s i f i c a t i o n  + s y n t h e s i s  49.51 1.96 76.8 83.7 1.23 
80.8 Ga sf i c a t i o n  + NPH + s=_thesis ................................ -.85.6 Q.,9_Q. 
Hydrogen G a s i f i c a t i o n  + c o n v e r s i o n  55.60 1.67 81.6 - 1.23 
85.7 - 0.84 G a s i f i c a t i o n  + NPH + c o n v e r s i o n  .............. - .- .--... - ...................... - 
Semicoke ,  t a r s  P y r o l s i s  - - 76 1.32 9 5 - - - 
N o t e s :  q t  - t h e r m a l  e f f i c i e n c y  o f  c o a l  p r o c e s s i n g  
- t h e  same w i t h  t h e  combined  e l e c t r i c i t y  p r o d u c t i o n  
't - s p e c i f i c  c o a l  c o n s u m p t i o n  ( c o a l  ( t . c . e .  ) / f i n a l  p r o d u c t s  ( t  . c . e .  ) ) ;  
SNG - s u b s t i t u t e  n a t u r a l  g a s  
NPH - n u c l e a r  power  h e a t  
SLF - s y n t h e t i c  l i q u i d  f u e l  
T a b l e  3 
E v a l u a t i o n  of  t h e o r e t i c a l l y  a c h i e v a b l e  c o m p a r a t i v e  i n d i c e s  
f o r  e n e r g y  c a r r i e r  t r a n s p o r t  
Energy c a r r i e r  R e l a t i v e  R e l a t i v e  E f f i c i e n c y  R e l a t i v e  expend i -  Index 
h e a t i n g  c a p a c i t y  of p i p e l i n e  t u r e s  on  tQe p i p e l i n e  








S y n t h e s i s  g a s  
(CO + 3H2) ft 
Pav = 6Mpa 
Hydrogen 
Methane (CH ) 
Pav =6Mpa 4  0 .112  
M o t o r f u e l  (CH ) 2  109.4 
Me thano l  (CH OH) 52.2 
3 .  
S l u r r y  (C+H 0 )  2  
(C/H20 =0.5)  62.3 
S l u r r y  C+CH OH) 3  
(C/CH30~=0. 6 )  101.8 
+ n -  t h e  number of p i p e s  i n  t h e  l i n e  
ft - i n d i c e s  i n  b r a c k e t s  a r e  g i v e n  w i t h o u t  e x p e n d i t u r e s  on  t h e  m e t h a n a t i o n  
p r o d u c t  r e t u r n  t o  t h e  h e a t  s o u r c e  
e v a l u a t e d  t a k i n g  i n t o  accoun t  t h e  u t i l i z a t i o n  of  exogenous h e a t  from 
exothermal p r o c e s s e s  and t h e  p h y s i c a l  h e a t  of p roduc t s .  
Comparative i n d i c e s  f o r  energy c a r r i e r  t r a n s p o r t a t i o n  ( T a b l e  3 )  a r e  g e n e r a t e d  
s o l v i n g  hydrodynamic e q u a t i o n s  wi th  t h e  t echn ique  d e s c r i b e d  i n  / I / .  Hot wa te r  
0 
w i t h  a n  average  t e m p e r a t u r e  of  100 C d u r i n g  t r a n s p o r t a t i o n  and cooled by 
0 80 C a t  t h e  consuners  i s  t a k e n  a s  a  r e f e r e n c e  energy c a r r i e r .  E x p e n d i t u r e s ,  
r e q u i r e d  t o  pump water  back  t o  t h e  h e a t  source  a r e  neg lec ted .  The e f f i c i e n c y  
of s y n t h e s i s  g a s  t r a n s p o r t a t i o n  i s  e v a l u a t e d  o n  t h e  a s s u n p t i o n  t h a t  i t  i s  
methanated ( n o t  b u r n t )  i n  t h e  consumption i n s t a l l a t i o n s .  A l l  t r a n s p o r t  
e f f i c i e n c i e s  (9) a r e  de te rmined  f o r  a  t r a n s p o r t a t i o n  d i s t a n c e  o f  1000 km and 
p r e s s u r e  l o s s e s  o f  2 0  MPa. 
The d a t a  p r e s e n t e d  i n  t h e  t a b l e s  g i v e  c e r t a i n  i d e a  o n  t h e  development t r e n d s  
and t h e  p o t e n t i a l  of  t e c h n o l o g i c a l  improvement, t h a t  i n  t u r n  f a c i l i t a t e s  t h e  
s e l e c t i o n  of  a  s e t  of c a n d i d a t e  t e c h n o l o g i e s  f o r  i n t e g r a t e d  energy sys tems.  
Table  2 i l l u s t r a t e s  t h e  h i g h  energy  e f f i c i e n c y  which i s  ach ieved  when c o a l  
p r o c e s s i n g  i s  combined w i t h  n u c l e a r  h e a t  p roduc t ion .  It a l s o  i l l u s t r a t e s  t h e  
expediency of combined c o a l  p rocess ing  and e l e c t r i c i t y  and h e a t  g e n e r a t i o n .  
The t r a n s p o r t a t i o n  pa ramete r s  g i v e n  i n  T a b l e  3  i n d i c a t e  a n  i n t e r e s t i n g  
r e l a t i o n  between t h e  compara t ive  t r a n s p o r t  e f f i c i e n c y  and t h e  v o l u n e  o f  
t r a n s p o r t e d  energy (columns E w i t h  n=var  and n= i )  . I n  a  l a r g e - s c a l e  
t r a n s p o r t  i o n  sys tem,  where a n  i n c r e a s e  i n  t h e  p i p e l i n e  c a p a c i t y  r e q u i r e s  add i -  
t i o n a l  p i p e l i n e s  ( n = v a r ) ,  t h e  d i f f e r e n c e s  i n  t h e  t r a n s p o r t a t i o n  e f f i c i e n c y  
f o r  d i f f e r e n t  ene rgy  c a r r i e r s  a r e  much more s i g n i f i c a n t  t h a n  i n  smal l - sca le  
t r a n s p o r t a t i o n  sys tems ,  where t h e  i n c r e a s e  i n  p i p e l i n e  c a p a c i t y  i s  ach ieved  
by l a r g e r  p i p e l i n e  d i a m e t e r s  (n=.l) . 
The evaluation of the technical and econoric characteristics ( s e e  s e c t i o n  i n  
b l o c k  2, Fig. 1 1 )  c o n s t i t u t e s  a n  impor tan t  s t a g e  i n  technology f o r e c a s t i n g .  
The p r a c t i c a l l y  a c h i e v a b l e  t e c h n i c a l  and economic i n d i c e s ,  and i n  p a r t i c u l a r  
t h e  s p e c i f i c  c a p i t a l  i n v e s t m e n t s  f o r  t e c h n o l o g i e s ,  t h a t  a r e  a t  a n  e a r l y  s t a g e  
of  development and have n o t  been demonstra ted  i n  p r o t o t y p e s ,  a r e  o f  g r e a t  
u n c e r t a i n t y .  To n e v e r t h e l e s s  d e t e r m i n e  t h e s e  i n d i c e s  i n  t h e  r e q u i r e d  way ( f o r  
t h e  most i m p o r t a n t  t e c h n o l o g i e s ) ,  s p e c i a l  models (models of  t h e  t e c h n o l o g i c a l  
u n i t  - MOTUS) have t o  b e  developed.  In  t h e s e  models ,  m a t e r i a l  f lows ,  e n e r g y  
f lows and thermodynanic pa ramete r s  of  t h e  u n i t  canponen t s  a r e  opt imized f o r  a  
g iven  t e c h n o l o g i c a l  s t r u c t u r e .  The c o s t  of  each  s i n g l e  e lement  i s  e v a l u a t e d  
a n a l y s i n g  t h e  ana logy  w i t h  t h e  d e s i g n  and p h y s i c a l  p a r m e t e r s  (heat -exchange 
a r e a ,  v e s s e l  volumes,  p r e s s u r e ,  e t c . )  of  e x i s t i n g  equ ipnen t .  For t h e  
c a l c u l a t i o n  of t h e  physic-chemical  p r o c e s s  pa ramete r s  i n  MOTUS, t h e  MOPR 
models a r e  a p p l i e d .  
Along w i t h  t h e  f o r m u l a t i o n  of  t h e  methodical  p r i n c i p l e s  and e v a l u a t i o n  of 
p o t e n t i a l  p r o c e s s  i n d i c e s ,  S E I  o b t a i n e d  f i r s t  r e s u l t s  i n  t h e  s t r u c t u r a l  
a n a l y s i s  of  i n t e g r a t e d  energy sys tems and i n  t h e  d e t a i l  c h a r a c t e r i z a t i o n  of  
p a r t i c u l a r  t e c h n o l o g i e s .  
Computer r u n s  made w i t h  t h e  MOST model i n d i c a t e  a  s t r o n g  dependence of  t h e  
p o t e n t i a l  s t r u c t u r e  of  i n t e g r a t e d  energy  sys tems upon t h e  f u t u r e  energy  
complex development i n  t h e  c o u n t r y  a s  a  whole and i n  each  i n d i v i d u a l  r eg ion .  
A s  a n  example t h e  economic e f f e c t i v e n e s s  of  d i r e c t  hydrogena t ion  techno- 
l o g i e s  i n c r e a s e s  w i t h  i n c r e a s i n g  s y n t h e t i c  l i q u i d  f u e l  demand, w h i l s t  t h e  
o p p o r t u n i t i e s  of  t h e  p y r o l y s i s  t echno logy  improve w i t h  t h e  i n c r e a s e  i n  t h e  
vclume of  Kansk-Achinsk c o a l  e x t r a c t i o n ,  e t c .  
The r e s u l t s  of  a n  a s s e s s m e n t  c a r r i e d  o u t  f o r  c o a l  c a n b u s t i o n  i n  a  c a t a l y t i c  
f l u i d i z e d  bed ( c a t a l y t i c  h e a t  genera to rCHG)  / 7 ,  8/ i s  of  i n t e r e s t .  The main 
advantages  of CHG b o i l e r s  over  an  i n e r t  f l u i d i z e d  bed a r e :  
- a n  e n t i r e  e l i m i n a t i o n  of s u l p h u r  o x i d e  and carbon monoxide e m i s s i o n s  and 
a  c o n s i d e r a b l e  r e d u c t i o n  o f  n i t r o g e n  o x i d e  emiss ions ;  
- t h e  p o s s i b i l i t y  of d i v i d i n g  t h e  f l u i d i z e d  bed i n t o  s e v e r a l  non- isothermal  
zones. Th i s  w i l l  d e c r e a s e  t h e  t empera tu re  i n  t h e  upper zone t o  
0 
120-150 C. That  i n  t u r n  a l l o w s  t h e  r e d u c t i o n  of t h e  t o t a l  f l u i d i z e d  
bed h e a t i n g  s u r f a c e .  
Some r e s u l t s  of  a  CHG e f f i c i e n c y  e v a l u a t i o n  a r e  p r e s e n t e d  i n  Fig.  13. The 
u i t i l i z a t i o n  of  a  c a t a l y t i c  h e a t  g e n e r a t o r  i n  h e a t i n g  p l a n t s  g i v e s  t h e  
h i g h e s t  e n v i r o n n e n t a l  and economic e f f e c t .  P robab ly ,  t h e  CHG c a n  a l s o  b e  
e f f i c i e n t l y  used i n  c o a l  p y r o l y s i s  and i n  e l e c t r i c  power p l a n t s .  
More d e t a i l e d  r e s u l t s  of  S E I ' s  a s s e s s n e n t s  of  new c o a l  p r o c e s s i n g  techno- 
l o g i e s ,  i n  p a r t i c u l a r  t e n t a t i v e  e s t i m a t e s  of  t h e  plasma g a s i f i c a t i o n  pro- 
c e s s  a r e  g i v e n  i n  /6/. 
5. Conc lus ions  
S t u d i e s  of t h e  S i b e r i a n  Energy I n s t i t u t e ,  I r k u t s k ,  and t h e  Nuclear  Research 
Cen te r ,  J i i l i c h ,  c a r r i e d  o u t  wi th  t h e  a i d  of  complex computer models,  demon- 
s t r a t e  t h e  o p p o r t u n i t i e s  of  n o v e l  i n t e g r a t e d  energy sys tems  i n  a  f u t u r e ,  
c l e a n  energy  supp ly .  A s  c o n d i t i o n s  d i f f e r  widely  i n  d i f f e r e n t  r e g i o n s  and  
d i f f e r e n t  c o u n t r i e s ,  t h e r e  w i l l  of c o u r s e  be a  wide s t r u c t u r a l  v a r i e t y  i n  t h e  
r e a l i z a t i o n  o f  i n t e g r a t e d  energy  systems.  The s t u d i e s  of S E I  and KFA, based  
on t h e  c o o p e r a t i o n  w i t h  t h e  I n t e r n a t i o n a l  I n s t i t u t e  of  Appl ied  S y s t e n s  
A n a l y s i s  (IIASA),  emphasize t h e  common v iewpoin t  t h a t  t h e  i d e a  of i n t e g r a t e d  
energy sys tems c o n s t i t u t e s  a n  e s s e n t i a l  b a s i s  f o r  f u t u r e  s t u d i e s  o n  "energy 
i n  a  f i n i t e  environment".  
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level of d e s u l p h u r i z a t i o n  
Fig. 1 :  C o s t  P i c t u r e  o f  Wet P r o c e s s e s  w i t h  M a r k e t a b l e  
G y p s u m  P r o d u c t i o n  f o r  G e r m a n  P o w e r  S t a t i o n s .  
+ 
T o l e r a n c e  - 1 5  %, T u r n k e y  F a c i l i t y  + 2 5  %. 
p o w e r  s t a t i o n  coal 1  % s u l p h u r  c o n t e n t  
1983 e n v i r o n m e n t a l  
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